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pounds. Among the nitrogen-fixing bacteria there are a number of
widespread forms that live free in soil, and a type that occurs in
nodules on higher plants, chiefly on the roots of legumes, such as
beans, peas, clover, and alfalfa. These bacteria are exceedingly
important from the standpoint of soil fertility, as they may supply
large amounts of nitrogen to the soil. Nitrogen is essential for the
building of proteins, and it is the element in which soils are most
likely to be lacking. Some combined nitrogen is added to the soil
as the result of electrical discharges in the atmosphere, but the
amount is very small as compared with that resulting from the
activities of nitrogen-fixing bacteria. Before the action of nitrogen-
fixing bacteria was known, some scientists thought that the ex-
haustion of the supply of combined nitrogen would result in the
end of civilization. The activity of the bacteria in the nodules on
the roots of legumes explains the value of legumes in enriching the
soil.
Free-living nitrogen-fixing bacteria. Nitrogen fixation is due to both
anaerobic and aerobic bacteria. The first can grow in the absence of
oxygen, and in some cases cannot grow if more than a very small amount
is present; the latter require oxygen. The best-known anaerobic nitrogen-
fixing form is Bacillus (Clostridium) amylobacter. The most important
aerobic ones belong to the genus Azotobacter, which is rod-shaped and
flagellated. The fixation of nitrogen requires energy. This is furnished
by organic carbon compounds which are oxidized by the nitrogen-fixing
bacteria. The fixation of nitrogen may be increased when Azotobacter is
associated with certain other bacteria. Thus, bacteria which act on cellu-
lose may furnish carbohydrate material which Azotobacter can utilize as a
source of energy for the fixation of nitrogen. Again, there may be a sort
of symbiosis with an anaerobic form such as Bacillus amylobacter; Azoto-
bacter uses up the oxygen and makes conditions favorable for the anaerobic
form, and this in turn produces organic acids which, after being neutralized
in the soil, can be utilized by Azotobacter. Various other complexities
occur. In general, nitrogen-fixation is most rapid in light, well-aerated
soils supplied with enough humus to furnish a sufficient source of energy.
Symbiotic nitrogen-fixing bacteria. The invasion of the roots
of legumes by Bacillus radidcola (Fig. 417) results in the formation
of nodules on the roots (Fig. 384). Badttus radidcola multiplies
hi these and fixes atmospheric nitrogen, apparently in greater
quantities than are required by the bacteria; at least the legumi-